Background: Variation in the management of acute pediatric asthma within emergency departments is largely unexplored.
A n acute exacerbation of asthma is a clinical diagnosis that usually does not require radiographic or blood tests for appropriate medical management. [1] [2] [3] [4] [5] The costs of these radiographs and blood tests are significant; furthermore, chest radiographs expose patients to ionizing radiation and blood tests provoke pain and anxiety in children. Prior studies have shown that chest radiographs are overutilized in children and adults with acute asthma seen in emergency department (ED) settings. 6, 7 These studies limited their analyses to chest radiographs and blood gases. To our knowledge, there are no multicenter studies evaluating the use of chest radiographs and blood tests among pediatric patients with acute asthma seen in the ED.
Variation in the care delivered to children in the ED has been associated with patient characteristics, physician training, hospital specialization, and differences in regional health systems. [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] We performed this multicenter study to examine the prevalence of and the factors associated with variation in the use of chest radiographs and blood testing (ancillary testing) for pediatric patients with asthma presenting to EDs within a research network.
We hypothesized that there would be variations in the use of ED ancillary testing in pediatric asthma, based on specific measurable factors. The documentation of factors associated with variations in ED ancillary testing of children with asthma may help us understand the context in which these tests are performed and identify those factors that may be amenable to intervention, with the ultimate goal of improving the quality and efficiency of care given to children with asthma.
METHODS

Study Design
This was a retrospective study utilizing all 25 member EDs of the Pediatric Emergency Care Applied Research Network (PECARN). 18 The study was approved by the institutional review boards of the participating hospitals and of the PECARN Central Data Monitoring and Coordinating Center at the University of Utah.
Study Setting and Population
Data were obtained by chart review during a 90-day study period in February through April 2003. The Central Data Management and Coordinating Center randomly selected ten days within the study period for data collection. Each site then generated a list of all patients younger than 19 years of age seen on that day, ordered by arrival time. To avoid overrepresentation of largevolume EDs, a random list of 60 visit records was then generated from the Central Data Monitoring and Coordinating Center for each site; if the site saw fewer than 60 patients on the chosen day, all of the patients were included. Standard variables were abstracted for all patient encounters. A standardized supplemental data abstraction form was completed for all patients who met the case definition for an acute exacerbation of asthma.
Pediatric patients in this study were defined as patients aged 1-18 years, inclusive. Patients were included if the primary discharge diagnosis on the chart was asthma, corresponding to the International Classification of Diseases, version 9, Clinical Modification (ICD9-CM) group 493.00-493.99. Asthma as a discharge diagnosis was defined as when written as either the primary discharge diagnosis on the ED record or as the second or third discharge diagnosis when the following were in the top two diagnoses: wheezing, cough, bronchitis, breathing difficulty, pneumonia, respiratory distress, or respiratory difficulty. The following discharge diagnoses were also considered asthma: asthma exacerbation, status asthmaticus, asthma without status asthmaticus, asthmatic bronchitis, extrinsic asthma, bronchial asthma, chronic obstructive asthma, cough variant asthma, allergic asthma, atopic asthma, childhood asthma, hay fever with asthma, and reactive airways disease. When a history of asthma was mentioned in the body of the ED record, the following discharge diagnoses were considered asthma: difficulty breathing, cough, respiratory distress, or bronchitis. To limit the analysis to patients with simple asthma, all patients had their chief complaints and discharge diagnoses reviewed by two authors (RMS and JMC). The reviewing authors were blinded to the hospital and the treating physician of these patients. Patients with significant comorbidities and complex diagnoses (e.g., cystic fibrosis) were excluded from analysis; however, patients with pneumonia were not excluded. In addition, we excluded patients younger than 1 year of age, patients with medical devices (tracheostomy, gastrostomy tubes, ventriculoperitoneal shunts), and patients with a first episode of wheezing.
Study Protocol
A manual of operations was developed and disseminated to all sites. Site investigators attended live training in abstraction procedures, with sham chart review, and research assistants were subsequently trained on-site by the site investigators. Abstractors recorded data onto standardized paper forms and subsequently entered data into a secure Web-based data entry system. Quality assurance measures included double data entry of 10% of charts and chart abstraction by the physician site investigator of approximately 5% of charts to verify research assistant abstractions. Abstractors and site investigators were blinded to the hypothesis of this study.
Outcome Measures
A model that has been used extensively to predict the use of health services is that proposed by Andersen and Aday, in which health care decision making is affected by four sets of characteristics: predisposing, need, enabling, and health system. [19] [20] [21] [22] [23] Predisposing variables are patient characteristics that exist before the onset of the illness episode, such as age, gender, race, ethnicity, and health beliefs. Need characteristics refer to illness severity. Enabling characteristics describe the means individuals have available to them for the use of services and can be specific to the patient (health insurance), to the treating physician (physician specialty), or both. Health system variables refer to overall health system characteristics, such as hospital and ED structure and staffing. For the purposes of this study, the predisposing characteristics included were patient age and gender. Need characteristics included the triage status of the patient, as well as the temperature, oxygen saturation, and disposition of the patient. Enabling characteristics encompassed type of health insurance coverage and physician training. Health system characteristics included the following variables: whether the treating ED was part of a freestanding children's hospital or not, whether the treating ED was a high-or low-volume ED, and whether the treating ED was an academic center or not.
The primary outcome measure was the use of ancillary testing for asthma. Ancillary testing was defined as the use of either a blood test (complete blood count, blood culture, C-reactive protein, erythrocyte sedimentation rate, or blood chemistries) or a chest radiograph. We excluded blood gas analysis because this test might provide useful information for patient management, particularly for more severely ill patients. The independent variables tested for association with this outcome based on the conceptual model were predisposing, need, enabling, and health system characteristics, as follows.
Predisposing characteristics included patient age and gender. Need characteristics included triage acuity, temperature, oxygen saturation, and disposition. Triage acuity was recorded for each patient on presentation to the ED, cross-referenced from a site-reported description of triage codes from each hospital, and categorized as nonurgent, urgent, and emergent for the purposes of this study. For temperature and pulse oximetry, we recorded the value in triage, as well as the maximum and minimum during the ED visit. Fever was defined as temperature >388C recorded at any point during the ED visit. Hypoxia was defined as an oxygen saturation of less than 92% at all sites, except Salt Lake City (89%), at any point during the ED visit. Enabling characteristics included health insurance (none, governmental, private) and treating physician characteristics. Treating physician characteristics included training, categorized as emergency medicine, pediatrics, pediatric emergency medicine (PEM) subspecialty training with any combination of initial training, and ''other.'' Attending physician names were abstracted from the chart and were cross-referenced to a list of physician credentials provided by each site. Health system characteristics included large-volume ED (characterized by an annual pediatric ED volume bifurcated at the network median of 30,000 visits per year), status as a freestanding children's hospital defined as a physically separate structure, and status as an academic hospital defined by presence of resident physicians in the ED. Hospital median volume was obtained from 2002 PECARN electronic ED visit data; the remaining hospital characteristics were obtained from a survey from all sites. 24 We polled all site primary investigators and confirmed that none of our sites had policies that mandated either triage or admission chest radiographs or blood testing in pediatric patients with asthma.
Data Analysis
A hierarchical multivariate logistic model was applied, using a conceptual model for health care utilization as a framework, to describe the associations between ancillary testing and predisposing, need, enabling, and health system characteristics. 19, 21, 22 Separate logistic models were applied for chest radiographs and laboratory testing. Before model building, we tested for multicolinearity among dependent variables using a Spearman r correlation coefficient, requiring a coefficient <0.4 to demonstrate minimal colinearity. No modeling variables demonstrated significant levels of colinearity (i.e., r R 0.4); thus, modeling techniques often used to describe interrelationships between variables (e.g., nesting) were not applied.
All selected independent variables were introduced into the logistic model using a hierarchical forward stepwise technique. Variables were entered into the model in four blocks, representing the contextual categories of health care utilization described by Andersen and Aday (i.e., predisposing characteristics, need characteristics, enabling characteristics, and health system characteristics). 19, 21, 22 The appropriateness of the resulting model was assessed using Hosmer and Lemeshow's goodness-of-fit statistic. 25, 26 Several variables (i.e., age, respiratory rate, and O 2 saturation) entered the model as continuous variables to maximize their potential to explain variance. Because patient fever and hypoxia might significantly alter physician practice, we performed post hoc analyses of overall ancillary testing in patients without either fever or hypoxia. All analyses were conducted using SPSS version 13.0.0 statistical software (SPSS Inc., Chicago, IL). 27 
RESULTS
The characteristics of the participating hospitals and attending physicians are depicted in Table 1 . Over the 90-day study period, the sites registered 210,249 patient visits. During the ten days randomly selected for chart abstraction, 12,744 patient visits were abstracted, of which 820 (6%) were visits with acute exacerbations of asthma. After reviewing these cases, 86 were excluded because of complex diagnoses, medical devices, patient age younger than 1 year, or first episode of wheezing, leaving 734 patients with uncomplicated asthma. All hospitals in the network contributed patients to the study, ranging from 2 to 54 patients per site.
The patient characteristics are described in Table 2 . Overall, 302 of 734 (41%) of all pediatric asthma encounters included ancillary testing; of these, 198 (27%) had chest radiographs and 104 (14%) had blood testing. When patients with fever, hypoxia, or both were excluded, 161 of 502 (32%) were subjected to ancillary testing. Table 3 details the results of the hierarchical logistic analysis of variables associated with chest radiographs; the only factor significantly associated with the use of chest radiographs was fever. Table 4 details the results of the hierarchical logistic analysis of variables associated with blood testing. The factors that were significantly associated with less blood testing included older age and male gender (predisposing), discharge home and higher oxygen saturation (need), physician subspecialty training in PEM (enabling), and freestanding children's hospital (health system). When patients with fever and/or hypoxia were excluded, post hoc analyses revealed that less overall ancillary testing was associated with discharged patients and physician training in pediatrics and subspecialty training in PEM.
Of note, 218 patients (30%) were excluded from the logistic model because of missing variables important to the analysis (triage code, oxygen saturation, temperature). To assess for differences between cases with complete data and cases missing one or more variables, we performed bivariate analyses assessing for significant differences between these two groups. We found no difference in any of the variables used for modeling, except that cases with missing data were less likely to be treated by physicians who were board certified in emergency medicine (15% vs. 5%; p = 0.015). k and intraclass correlation scores suggested good intrarater and interrater agreement (w0.8) when assessing variables with defined categorical fields on the data collection form.
DISCUSSION
Asthma is a disease of significant morbidity, and more severely ill patients may be subjected to increased diagnostic testing. However, there is no evidence that increased diagnostic testing leads to improved patient outcomes. In general, diagnostic testing adds little to the management of patients with asthma and may cause unnecessary medical expenditure, pain, radiation exposure, and harm. [1] [2] [3] [4] [5] [6] [7] Furthermore, unnecessary testing is associated with false-positive results, which require additional testing, a type of medical error referred to as iatrogenesis imperfecta. 28 In this study, almost half of all pediatric patients with asthma were subjected to ancillary testing, a surprisingly high number given that we excluded patients with complex diagnoses, comorbidities, and those younger than 1 year of age. Indeed, given the strict inclusion criteria (excluding blood gas analysis)
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for patients with asthma in this study, it is difficult to imagine how blood tests could improve patient management at all. Chest radiographs were ordered twice as often as blood tests. In this study, we found that predisposing, enabling, and health system characteristics did not influence the rate of ordering chest radiographs. In fact, the need characteristic temperature was the only variable significantly associated with the ordering of chest radiographs. This may be explained by the desire of the treating physician to rule out pneumonia, given the presence of fever. However, most pneumonias associated with asthma are viral in nature and do not require any change in management of acute asthma. Crain et al. surveyed U.S. emergency physicians and found that two thirds obtained chest radiographs in pediatric asthmatic patients with fever and that physicians practicing in community hospital EDs were more likely to obtain radiographs than physicians practicing in children's hospital EDs. 6 Other studies have found that health system and physician training characteristics are associated with variation in the care of pediatric asthma, fever, and croup. 29, 30 Patients presenting to children's hospital EDs are less likely to undergo chest radiographs than patients presenting to community EDs, and general emergency physicians are more likely to order chest radiographs than pediatricians or family practitioners. 6, 8, 31 However, two out of three of these studies were surveys and did not evaluate actual clinical practice, and these studies did not differentiate between physicians with subspecialty training in pediatrics and those without. The lack of health system and physician characteristic effect in our analysis of chest radiograph use may be because the majority of PECARN hospitals are academic teaching hospitals and therefore may be more similar to academic children's hospital EDs than community EDs or because there are very few differences by health system or physician training in the ordering of chest radiographs.
Even though only 14% of patients with asthma in this study received blood testing, we believe this is an unacceptably high rate, given that the patients in this sample had uncomplicated asthma. Many of the variables included in our study are not modifiable; however, it is important to know the context in which, and the types of patients for which, ancillary testing is ordered so that interventions to decrease ancillary testing can be appropriately targeted. Our results suggest that educational efforts to reduce blood testing in patients with asthma should be targeted at nonchildren's hospitals and physicians without PEM subspecialty training.
The finding that children with asthma treated by emergency or pediatric physicians without subspecialty PEM training were more likely to undergo blood testing may reflect the comfort level of the practitioner in treating pediatric patients with asthma, but may also reflect a difference in treatment approaches imparted by initial emergency medicine residency training. Physicians trained in primary emergency medicine are faced with a more severely ill case mix and are thus are appropriately trained to rule out disease before presuming wellness. In contrast, physicians with subspecialty training in PEM encounter, in general, a less severely ill case mix and a healthier patient population with less complex disease. We should not be surprised that practice patterns differ. Individual provider comfort with pediatric patients may also play a role. This study was not designed to test physician reasoning behind test ordering behaviors.
LIMITATIONS
In retrospect, this study may have been improved in several ways. First, we did not use validated asthma severity measures to compare patients at baseline for illness severity. However, most asthma severity scores incorporate oxygen saturation, a measure that was used in this study. [32] [33] [34] Second, a large proportion of patients had some missing data. Bivariate analyses with and without missing data suggest that this did not affect our results. Third, the analysis was limited to a three-month period and therefore does not reflect the seasonality of pediatric illness. Fourth, data were abstracted from medical records and therefore had inherent limitations in lack of documentation of medical information and the reasons for physician decision making. Therefore, we report associations only. The reported differences are relative, not absolute, indicators of quality of care (i.e., efficiency). Finally, this study was not designed to test the medical reasoning behind ancillary testing.
CONCLUSIONS
Almost one third of pediatric patients with asthma undergo chest radiography in the ED, with fever the only variable significantly associated with increased ordering of chest radiographs. Most patients did not undergo blood testing, but those who did were more likely to be treated by physicians without subspecialty PEM training, and these patients were more likely to be younger, female, admitted to the hospital, hypoxic, and treated at a nonchildren's hospital. Interventions to decrease the use of chest radiographs should target the management of febrile patients with asthma. Interventions to decrease blood testing in asthmatic patients should target physicians without PEM subspecialty training and those practicing in nonchildren's hospitals and should focus on patients who are perceived to be more severely ill.
